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The  original  aim  of  this  work  was  to  correlate  the  chemical 
changes  taking  place  in  tissues  undergoing necrosis  and  autolysis 
in vivo,  with the histological picture observed under the same condi- 
tions.  To do this carefully, it was  found desirable to use an organ 
which  was  of  fairly  uniform  structure  and  of  uniform  chemical 
composition, and one which could be easily cut off completely from 
its  blood  supply  without  materially  affecting  the  welfare  of  the 
animal to which it belonged.  For these experiments the spleen was 
found  to  be  ideal,  as  it  is  readily accessible,  and  its  entire blood 
supply can be easily cut off by ligating its pedicle,  after which the 
organ can be returned to the abdominal cavity in an aseptic condi- 
tion, to be removed and studied after certain definite intervals. 
By using large dogs,  moreover, it  was hoped that  sufficient ma- 
terial could be obtained to make a  complete chemical analysis.  But 
the rapidity of the changes in vivo,  the absorption  of the products 
of  tissue  disintegration,  and  the  variable  pictures  produced  by 
numerous complicating and uncontrollable factors, soon showed that 
it would be necessary to study this organ under conditions in which 
the  autolytic  changes  were practically  free  from  the  influence of 
such factors as  organization,  leucocytic infiltration,  absorption,  in- 
hibition of autolysis by serum, etc. 
Aseptic  autolysis  in  vitro  takes  place  under  simpler  conditions, 
but  the  histological  picture  resembles  very  closely  that  seen  in 
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autolysis in vivo in the areas farthest removed from the surround- 
ing  influences.  From  the chemical standpoint,  also,  there  was  a 
distinct advantage, for the results in vitro  could be used to control 
those  obtained  in  vivo,  and without  some such control,  misinter- 
pretation of the results obtained by autolysis in vivo would certainly 
follow. 
The most  important histological changes that  occur  during the 
autolysis that follows cell death are in the nucleus, and since these 
changes are  produced chiefly by  specific enzymes,  it  was  thought 
advisable to study these enzymes and the products which they pro- 
duce in the dog's spleen in the hope of gaining information which 
would better explain, at least from a  chemical standpoint, some of 
the histological changes.  The details of this part of the work are 
contained in a previous paper. 
Historical.--Up  to the present, I  have found in the literature no report of a 
comparative study of the chemical and histological changes in an organ or tissue 
during  autolysis  or  necrosis.  Of  the  earlier  observations  on  related  points, 
Weigert  (I)  described the  changes  undergone by dead  tissues,  and noted that 
all  cells  that had  undergone coagulation necrosis had  lost  their  nuclei, but  he 
said that not all cells  which had lost their nuclei need necessarily have suffered 
this change. 
Goldmann (2)  studied  organs l~ept aseptically in moist chambers at 37  °  C., 
and found that the spleen showed  no macroscopical  changes upon autolysis, but 
on  microscopical examination, after  eight  days  the  pulp cells  showed  changes, 
while the nuclei in the Malpighian bodies were well preserved.  After  fourteen 
days,  the  trabecuI~e were  still  distinctly differentiated  from  the  pulp,  and  the 
nuclei of the Malpighian corpuscles  were  still retained, but in the  remainder of 
the tissue the nuclei disappeared almost completely. 
Klebs (3)  observed that in the destruction of the nuclei by mycotic processes 
two forms of nuclear changes were seen, karyolysis and karyorrhexis.  Schmaus 
and Albrecht  (4)  found that after  ligation of the  renal vessels the first change 
was  pyknosis, followed by karyorrhexis, with  numerous intermediate variations 
between this and neerobiosis. 
According to Carri~re and Vanverts  (5)  ligation of the pedicle  of the spleen 
results in the death of the organ, which becomes converted into an encapsulated 
mass  of  purulent  and  caseous  material  with  proliferation  inward  from  the 
capsule.  Cultures containing an innocuous colon bacillus, often associated with 
other  harmless  organisms,  were  obtained  from  the  spleen  of  all  the  animals 
experimented upon, both before ligation of the vessels and after the destruction 
of  the  spleen  was  complete.  To  these  organisms  the  authors  attributed  the 
caseous and purulent degeneration that occurred. 
Davidsohn  (6)  transplanted spleens into mice,  and later  found only pigment 
rests  remaining.  Zervos  (7)  noted  that  spleens  are  absorbed  in  less  than  a Harry J.  Corper.  431 
year  after  transplantation.  Liidke  (8)  succeeded  in  transplanting a  rabbit's 
spleen into the spleens of monkeys, and states that sections showed the included 
spleens well healed in, but he does  not describe the appearances.  Carrel  (9)  in 
his  replantation experiments had  accidentally an occlusion of  the  splenic artery 
in a  dog,  and noted that in about a  year the  spleen had completely disappeared 
Wells  (io)  observed that salt solution has  a  solvent action upon cytoplasm,  hut 
that  otherwise  the  autolysis in  salt  solution proceeded  at  the  same  rate  as  in 
heated serum, and that splenic tissue after being killed by heat  (IOO  °  C.)  under- 
goes  a  very  slow  change  in  the  body  of  the  rabbit,  being  attacked  only  by 
invading leucocytes,  while unheated spleen  under the  same conditions undergoes 
rapid  autolytic changes with pyknosis, etc. 
Although no  complete  study  of  the  changes  occurring in  the  proteins  and 
nucleoproteins of the  spleen during autolysis has been reported,  a  few observa- 
tions concerning their constituents have been made.  Levene  (n)  found as  end 
products of autolysis of the spleen,  alanine, leucine, aminovalerianic acid,  amino- 
butyric acid,  a  pyrrolidine-carboxylic acid,  phenylalanine, aspartic acid,  tyrosine 
hypoxanthine, xanthine, thymine, and  uracyL  Schumm  (12)  studied  autolyzed 
leukemic  spleens  and  observed  a  marked  drop  in  the  albumose  content,  and 
associated with this a threefold increase in non-coagulable nitrogen, which must 
have  come  from  the  coagulable  part  of  the  spleen  substance  as  a  result  of 
autolysis.  He identified as  products of  autolysis, lysine, leucine, tyrosine, para- 
lactic acid,  guanine, xanthine, and  hypoxanthine. 
Hedin  (13)  and his coworkers  (I4)  found two distinct proteolytic enzymes 
(proteases)  in  the  spleen,  an  a  lieno-protease which  acts  chiefly  in  alkaline 
medium,  and  a  fl  lieno-protease  which  acts  in  acid  medium.  Leathes  (15) 
identified as  products  of  the action of  the  proteolytic enzyme of  the  spleen of 
oxen  in  acid  medium,  leueine,  tyrosine,  aminovalerianic  acid,  aspartic  acid, 
arginine, histidine, and  lysine.  The  digested  fluid  also  gave  the  tryptophane 
reaction, and spectroscopically  hematin was found. 
Cathcart  (16)  isolated  the  products  of  digestion of  coagulated  blood  serum 
by a lieno-protease in an alkaline medium, and found histidine, inactive arginine, 
lysine, tryosine,  leucine, alanine, aminovalerianic acid,  a  pyrrolidine-carboxylic 
acid, glutamic acid,  phenylalanine, and ammonia.  Aspartic acid was also prob- 
ably present, it being formed in large amounts in the digestion of  fibrin by the 
above  enzyme.  The  most  marked  difference  between  the  action  of  the  two. 
enzymes was in the nature of the arginine found, that obtained by Leathes being 
optically active. 
The  changes  produced  by  autolysis  in  the  individual constituents  of  the 
spleen have received  but slight attention.  In putrefaction, lecithin is decomposed 
into glycerophosphoric acid  (17)  and choline  (I8),  the  latter being further  de- 
composed  into methylamine, ammonia, carbonic acid,  and  methane.  Choline is 
also  produced  in the autolysis  (18)  of  lecithin, and  Coriat  believes that  brain 
tissue contains an enzyme capable  of producing this change.  Meyer  (I9)  found 
that  within three  to  five  weeks  the  amount of  lecithin in pus  is  decreased  by 
autolysis to about one third. 
In autolysis of  the liver, pancreas, and thymus the  nuclein phosphorus  sinks 
much  faster  than  the  lecithin phosphorus,  both  being converted  into  the  in- 
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On  account of  the  difficulty  experienced in  determining cholesterol  quanti- 
tatively,  only  a  few  observations  have  been  made  upon  the  autolysis  of  this 
material.  Carbone  (2I)  and Waldvogel  (22)  believe  (what  is  chemically im- 
possible)  that  cholesterol  originates  from  lecithin, the  latter  claiming to  have 
established this  by observations upon the  digestion  of  lecithin by  sterile  liver 
juice.  In  experiments  which  extended  over  a  period  of  forty-four  days  he 
says  he obtained a  decrease  in lecithin and an increase in the  fats,  fatty acids, 
and  cholesterol,  and  found  a  like  increase  on  comparing  normal  livers  with 
livers  showing pathological changes  after  acute  poisoning.  Moore  (23) ,  how- 
ever,  failed  to  corroborate  these  observations  in  liver  autolysis  that  lasted 
forty-two days at  37 °  C.  under toluene.  In his experiments he  obtained 0.038 
per cent. of  cholesterol before, and 0.0372 per  cent. after autolysis.  In human 
splenic pulp he  found no essential difference  between the cholesterol content in 
a  normal area  (0.64  per  cent.)  and that  in an anemic infarcted area  (0.58  per 
cent.). 
Practically no chemical  study of  the  iron distribution in the  tissues during 
autolysis  has  been  made.  Schmidt  (24) found  that  in  anemic  infarcts  the 
microchemical reaction for iron was  negative or less  than that in the  surround- 
ing sound tissues.  The granular form of iron remaining was distributed over the 
entire tissue, but was  thickest  about  and  in the  trabeculm,  which  also  showed 
a  greater  resistance to  autolysis or  necrosis.  A  diffuse  iron test  (Berlin, blue 
and  amtnonium  sulphide  reactions)  was  obtained  in  the  tissues  containing 
granular iron, and Schmidt thinks  a  solution of  iron has taken place,  the  iron 
being derived not only from the pigment but also  from the entire hemosiderin. 
Such  anemic  infarcts  often  contain  hematoidin  needles  in  greater  or  lesser 
amounts; and  not  only  is  there  no  iron-containing pigment formed  from  the 
blood,  but  even  the  preformed  iron  is  removed  from  the  dead  tissues.  All 
ordinary  embolic  splenic  infarcts  are  iron-free  before  other  changes  have 
occurred.  Schmidt believes that the iron is not removed by these cells, but that 
it is  destroyed  (zerst6rt)  at  the site of  the  infarct.  He  does  not believe that 
organic combination occurs which might make the microchemical test worthless. 
His  conclusion is  that  hemosiderin disappears  from the  tissues  on their  death, 
possibly  passing  through  the  formation  of  soluble  iron  combinations  (iron- 
lecithin), the character of which cannot as yet be stated.  It has been suggested 
that the formation of organic acids  in the infarct may explain this disappearance 
of iron  (25). 
MethodS.--The  methods of  chemical analysis employed here  are 
identical with those given in a  previous paper  (26)on  the chemical 
composition of the spleen.  Two  series of experiments were carried 
out,  those in vitro  and  those in vivo. 
Before autolysis began in the experiments in vitro,  samples were 
taken  for  the  determination of  moisture  and  for  the  study  of  the 
normal histology.  Autolysis was  carried  out  under toluene  in 0. 9 
per  cent.  salt  solution  at  room  temperature  after  the  tissue  had 
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termination of  the  autolysis,  samples  were  taken  for  histological 
study and the autolytic processes were stopped by means of ten or 
more volumes of  95  per  cent.  alcohol  in  which  the material  was 
preserved in the ice chest until the analyses were undertaken. 
In the experiments in vivo, absolute aseptic technique was used, 
and  the  largest  dogs  obtainable  were  employed.  The  pedicle  of 
the spleen was doubly ligated by means of a  silk thread, and, after 
varying  intervals had  elapsed,  the  spleen or  what  remained of  it 
was removed and studied chemically and histologically as in the in 
vitro experiments. 
Controls.--As  controls on the experiments to  be  described,  the 
results  of  chemical  analyses  and  microscopical  examinations  of 
normal spleens are here given. 
Chemical Composition of  Normal  Spleen.--Practically  all  the 
nuclein nitrogen was either insoluble, precipitable, or coagulable by 
alcohol.  At most the soluble part was but a trace.  About 24.I per 
cent.  of  the  total  phosphorus existed  in  the  form  of  phosphatids 
(lecithin, etc.),  about 32 per cent. was soluble in water  (inorganic 
phosphates, etc.)  and about 4o.1  per cent. was insoluble or coagu- 
lable  (nucleoproteins and other organic coagulable and precipitable 
combinations).  About 5.7 per cent. of the total nitrogen was soluble 
in water  (peptones, amino acids, and ammonia compounds, purins, 
gelatin, etc.), and 94.3 per cent. insoluble (proteins, nucleoproteins, 
and  other insoluble,  precipitable,  and  coagulable  organic  nitrogen 
combinations). 
Microscopical Appearance of  Normal  Spleen.--The  trabeculm 
were well defined and had nuclei which were distinct and elongated 
with rounded ends.  The nuclei had definitely outlined borders and 
contained numerous small granules that stained with hematoxylin. 
The spleen pulp was fairly uniform throughout and had clear oval 
or round nuclei of various sizes.  In nearly all cases these nuclei had 
a  definite  outline and  contained  small  hematoxylin granules.  In 
many cases the cytoplasm of individual cells could be distinctly made 
out, but the granular appearance of the ground substance made this 
impossible in places.  The Malpighian corpuscles were well marked 
off and distinct and had well defined nuclei which lay close together, 
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olus.  Only rarely could the narrow layer of cytoplasm be made out 
in these cells.  The capsule resembled the trabeculm in appearance. 
The  description just given serves  for the normal spleens A,  B, 
and C, and for all of the spleens that were subsequently autolyzed 
in vitro. 
L  EXPERIMENTS IN  VITRO, 
Spleen  D  Autolyzed  for  Seventeen Hours  (Figures  z  and  2).--This  spleen 
was large and before autolysis it had a moist weight of 62.5 gin.  and a  moisture 
content  of  78.o9 per  cent.  Its  dry  weight  was,  therefore,  13.7 gin. 
Chemical ,'~nalysis of Spleen D after Autolysis  for Seventeen Hours.--In the 
ether-soluble  fraction the  total  material  weighed  1.7938 gin.,  or  13.o9 per  cent. 
of  the  dry  weight.  The  part  of  this  that  was  insoluble  in  absolute  alcohol 
weighed  o.o994 gin.  and  contained  o.oo17 gm.  of  phosphorus  (after  Neumann 
oxidation).  The  cholesterol figure was  valueless. 
In  I  gin.  of  dry tissue  the  lecithin  phosphorus tweighed o.oo187 gm.,  which, 
estimated  as  lecithin,  would  amount  to  o.o482 gin.,  and  the  non-lecithin  phos- 
phorus  in this  fraction weighed o.0oo13 gin. 
Water-soluble  Fraction  of Spleen  D.--One gin.  of  dry  tissue yielded O.OLO3 
gin. of nitrogen, of which o.oo21 gin.  was  precipitated by tannic  acid and o.oo82 
gm. was not precipitated by tannic acid. 
In  I  gin.  of  dry  tissue  the  water-soluble  phosphorus  weighed  o.0o287  gm. 
It  was  doubtful  whether  even  a  trace  of  purin  was  present  in  the  water- 
soluble extractives. 
Insoluble  Tissue  Residue.--One gin.  of tissue  residue  yielded o.o059 gin.  of 
iron,  0.00689 gin.  of  sulphur,  and  0.o0484 gin.  of  phosphorus.  As  a  result  of 
analyzing about 5 gin.  of dry material, o.o0464 gm. of purin nitrogen was  found 
per gram of dry insoluble tissue  residue.  The total nitrogen in  I  gm. of tissue 
was  o.1635  gin.  In  determining  this,  duplicate  analyses,  each  of  0.25 gin.  of 
tissue, were made. 
Microscopical Findings  in  Spleen  D  after Autolysis  for Seventeen Hours.- 
After autolysis  the  trabeculm  and  capsules  did  not  differ  visibly in  appearance 
from  the  normal.  The  splenic  pulp,  however,  showed  definite  changes.  The 
cells  appeared  to be  fewer in  number  (few nuclei were present)  and  stood out 
with distinct cell boundaries  against the reticular framework of the pulp.  Their 
cytoplasm stained  well with eosin and contained numerous  small vacuoles.  The 
nuclei  in  most  cases  were  still  definitely  marked  off  from  the  cytoplasm,  but 
stained deeply with hematoxylin and in most cases were homogeneous  (pyknos!s). 
A  few  cells were  found  in  which the  nuclei were  fragmented,  and  some nuclei 
were  shaped  like crenated  red  cells.  In  some  cells  no  nucleus  could  be  seen. 
The  Malpighian  corpuscles  also  showed  changes.  Cell  boundaries  were  more 
definite than normally and most of the nuclei stained homogeneously blue.  Some 
nuclei  showed  fragmentation  (karyorrhexis)  and  some  appeared  as  large 
rings. 
Spleen  E  ,4utolyzed  for Thirty Hours  (Figures 3 and 4).--Before autolysis 
this spleen had  a  moist weight of 62. 5 gin.  and  a  moisture content  of  76.54 per 
cent.  The dry  weight  was,  therefore,  14.67 gin. Harry  J.  Corper.  435 
Chemical  Analysis  of  Spleen  E  after  Autolysis  for  Thirty  Hours.--In  the 
ether-soluble fraction the total  material weighed 2.349 gin., or I6.OI per cent.  The 
part  of this that  was  insoluble in absolute alcohol weighed 0.0280 gin.,  and  con- 
tained  o.ooi  gin.  of  phosphorus  (after  Neumann  oxidation).  The  figures  ob- 
tained for cholesterol were valueless.  The lecithin phosphorus  found in I gin. of 
dry tissue weighed 0.00228 gin.  which, figured as  lecithin, amounts  to 0.0587 gin. 
The non-lecithin phosphorus  found in this  fraction  weighed o.000014 gin. 
Water-soluble  Fraction.--In  I  gm.  of  dry  tissue  the  nitrogen  precipitated 
by  tannic  acid  weighed 0.0079 gin.,  and  the  nitrogen  not  precipitated  by  tannic 
acid  weighed 0.o268 gin.  The  total  nitrogen  in  the  water-soluble  fraction  was, 
therefore, 0.0347 gin.  The phosphorus  in  the  water-soluble fraction of  I  gin. of 
dry tissue weighed 0.0054 gm.,  and the purin  nitrogen determined in 6o per cent. 
of  the total  water-solubl,e  extractive, amounted  to  0.oo039 gin. per  gram  of  dry 
tissue. 
Insoluble  Tissue Residue.--In  I  gin.  of tissue there  was  0.0078 gin.  of  iron, 
0.0078 gm.  of  sulphur,  and 0.006 gm.  of phosphorus;  and  in  i  gin.  of dry  tissue 
residue  there  was  0.o06 gm.  of  purin  nitrogen.  For  the  last  determination  a  4 
gm.  sample  was  examined.  The  total  nitrogen  was  o.161o gm.  per  gram  of 
tissue.  In estimating this,  duplicate analyses were made,  each upon  0.25 gin. of 
tissue  residue. 
Microscopical  Findings in Spleen E  after Autolysis for  Thirty Hours.--The 
definition of the trabecul~e  and  capsule  was  not as  clear as  in  spleen D,  but  the 
nuclei  appeared  to  be  more  distinct,  not  differing much  from  normal,  however. 
The  splenic pulp  had  suffered  a  further  marked  change,  and  appeared  granular 
with  numerous  small  hematoxylin-stained  dots  on  a  diffuse  bluish  tinted  field. 
The nuclei seemed to  have undergone disintegration and  fragmentation (karyor- 
rhexis),  leaving hematoxylin-staining  round  and  oval  globules  of  various  sizes 
and  occasionally  a  distinct  nucleus.  The  cytoplasm  of  the  cells  takes  a  bluish 
pink  tint,  and  in  some cases  these  cells  appeared  merely  as  shadows. 
The Malpighian corpuscles stood  out distinctly with their nuclei intact, but in 
shape  some  of  the  cells  resembled  ¢renated  red  corpuscles.  The  cytoplasm  of 
these  cells seemed  to  have increased in  amount  and  in  many  cases  presented  a 
definite border. 
Spleen  F  Autolyzed  for  Fifty-three  Hours  (Figures  5  and  6).  Chemical 
Analysls.--Three  spleens  which before autolysis had  a  moist weight of 3o,  31.5, 
and 23.5 gm.,  and a moisture con,tent  of 74.25 per cent.,  77.93 per cent.,  and 77.04 
per  cent.  respectively,  were  united  and  used.  Their  total  dry  weight  was 
2o.o7 gin. 
Ether-soluble  MaterlaL--The  dry  weight of  this  fraction  was  2.3085 gin.  or 
11.5 per cent.  Of this the part insoluble in absolute alcohol weighed 0.0787 gm., 
and  contained  0.o093  gin.  of  phosphorus  (after  Ne~mann  oxidation).  The 
cholesterol  figure  obtained  was  valueless.  The  lecithin,  phosphorus  found  in 
I  gm. of dry tissue weighed 0.00157 gm., which, figured as  lecithin, amounted  to 
o.0404 gm.  The non-lecithin phosphorus  found  in this  fraction weighed 0.00019 
gm. 
Water-soluble  Fractlon.--In  I  grn.  of the dry  tissue the nitrogen  precipitated 
by  tannic  acid  weighed 0.0056  gm.,  and  the  nitrogen  not  precipitated  by  tannic 
acid  weighed o.o319 gm.  The  total  nitrogen  in  the  water-soluble  fraction  was, 436  Changes  in  the  Spleen  during  Necrosis. 
therefore, 0.o375 gin.  The phosphorus  in the water-soluble fraction of  I  gin. of 
dry tissue  weighed o.0o63 gm.,  and  the  purin  nitrogen determined  in  0.7  gin. of 
the  total  water-soluble  extractives  amounted  to  o.ooo98 gin.  per  gram  of  dry 
tissue. 
Insoluble  Tissue Residue.--One  gm.  of tissue  residue yielded 0.o0437 gin.  of 
iron,  o.o0656 gin.  of  sulphur,  and o.0o416 gm.  of  phosphorus.  One  gin.  of  dry 
• tissue  residue  (a  5.5  gin.  sample  was  analyzed)  yielded  o.o0448 gin.  of  purin 
nitrogen.  The  total  nitrogen  was  o.161o gin.  per  gram  of  tissue  residue,  the 
analyses being made in duplicate,  each on o.25 gin. of tissue  residue. 
Microscopical  Findings  in Spleen F  after Autolysis  for Fifty-three Hours.- 
The  trabeculm  and  capsule  could  still  be  distinctly  differentiated  from  the 
spleen pulp,  but the nuclei in the  trabecul~e  were  decreased  in  number  and  size, 
solution  seeming to have taken place at the borders,  so that the nuclei appeared 
narrow  and  long.  Well  formed  nuclei,  however,  could  still  be  seen  in  some 
parts  of  the  trabecul~e.  Pyknosis  was  not  clearly  observed.  The  pulp  had  a 
homogeneous, granular  appearance.  Many of  these granules or  droplets  stained 
conspicuously  with  hematoxylin.  Some  nuclei  were  still  visible  in  the  pulp, 
a  few still staining slightly, but  the majority remained merely as  shadows, 
The Malpighian corpuscles could no longer be clearly differentiated from the 
pulp,  but  in  their  stead,  large  numbers  of  shadows  that  stained  faintly  with 
hematoxylin  were  seen.  These  were  aggregated  especially  closely  about  the 
blood  vessels  and  trabeculm.  No  intact  nuclei  were  found. 
Spleen  G after Autolysis for Five Days.  Chemical  Analysis.--Five  spleens, 
which before autolysis had  a  moist weight  of  IO gm.,  20  gin.,  15.5 gin.,  I1  gin., 
and 45.5 gin.,  and a moisture content of 77.47 per cent.,  76.65 per cent.,  76.65 per 
cent.,  79.11  per  cent.,  and  77.2.1 per  cent.  respectively,  were  united  and  used. 
Their  total  dry  weight  was  2.3.21 gin. 
Ether-soluble  Fraction.--The  total  material  weighed 2.6644 gm.,  or  11.47 per 
cent.  Of  this  the  absolute  alcohol-insoluble part  weighed  o.0654 gin.  and  con- 
tained 0.00178 gin.  of  phosphorus  (after  Neumann  oxidation).  The  cholesterol 
figures  obtained  were  of  no  value.  The  lecithin  phosphorus  in  I  gin.  of  dry 
tissue  weighed o.ool  4  gin.,  which,  figured  as  lecithin,  amounted  to  0.03627 gin. 
The  non-lecithin phosphorus  in this  fraction  weighed o.0o0o  9  gm. 
Water-soluble  Fraction.--In  I  gin.  of  dry tissue  the nitrogen precipitated by 
tannic acid weighed 0.0o5o5 gin.,  and the nitrogen not precipitated by tannic acid 
weighed  0.02998  gin.  The  total  nitrogen  in  the  water-soluble  fraction  was, 
therefore,  0.o3503 gm.  The  phosphorus  in  the  water-soluble  fraction,  of  I  gm. 
of  dry  tissue weighed 0.0057 gm.  The  purin  nitrogen in  this  fraction was  not 
determined. 
Insoluble  Tissue Residue.--One  gin.  of  tissue  residue  yielded 0.o075 gin.  of 
iron,  0.0o894 gin.  of  sulphur,  and  o.oo41 gin.  of  phosphorus.  One  gin.  of  dry 
tissue  residue  (about 6 gm.  were analyzed)  yielded 0.o0377 gm.  of  purin  nitro- 
gen.  The total nitrogen amounted to o.1622 gm. per gram of tissue  residue, the 
analyses being made in duplicate,  each on about 0.25 gin. of tissue  residue. 
Hausmann Fractions of Proteins in  Tissue Residue.--The  following figures 
were  obtained  from  I  gin.  of  dry  tissue  residue.  These  figures  are  the  mean 
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Amid  nitrogen  ......................  =  0.01311  gm.  nitrogen. 
Humus  nitrogen  ...................  =  o.0o678  gm.  nitrogen. 
Diamino  nitrogen  ..................  ~  o.03897  gm.  nitrogen. 
Monamino  nitrogen  ................  =  O.lO31  gm.  nitrogen. 
Total  nitrogen  figured  ..............  =  o.16196  gm.  nitrogen. 
Microscopical  Findings  in  Spleen  G  after  Autolysis  for  Five  Days.--The 
trabeculm  and  capsule  were  still  differentiated,  but  not  as  clearly  as  in  F,  and 
a  few nuclei were  found  which  stained  deeply with  hematoxylin,  no  fragmenta- 
tion  being  visible. 
The  splenic  pulp  and  Malpigian  corpuscles  were a  mass  of  diffusely  stained 
granular  material,  with  a  slightly  greater  concentration  of  hematoxylin-stained 
granules where  the  Malpighian corpuscles  previously existed.  In  the pulp proper 
most  of  the  hematoxylin-stained  globules  have  entirely  disappeared,  leaving  a 
granular  ground  substance  made  up  in  places  of  what  appear  to  be  the 
shadows  of  previously  existing  cells.  On  close  inspection  the  nuclear  bound- 
aries  may  be  seen  in  many  cases,  and  in  some  cases  the  cell  boundaries  also. 
Where the Malpighian  corpuscles  were  formerly located there  is  a  greater  num- 
ber  of  these cell shadows.  The  endothelial  cells on  the  surface  of  the  capsule 
seemed  to  be  perfectly preserved. 
Spleen H  after Autolysis for Six Days (Figures 7 and 8).  Chemical Analysis. 
--Three  spleens,  two  having  together  a  moist  weight  of  67  gin.,  and  the  third 
a  moist  weight  of  42  gin.,  with  a  moisture  content  of  77.98 per  cent.  and  77.72 
per  cent.  for  the  first  two,  and  77.17 per  cent.  for  the  third,  were  united  and 
used.  The  total  dry  weight  was  24.51 gin. 
Ether-soluble  Fraction.--The  total  material  soluble  in  ether  weighed  2.887 
gm.,  or  11.78  per  cent.  Of  this  the  part  insoluble  in  absolute  alcohol  weighed 
o.0364  gin. and contained o.ooi53 gm. of phosphorus  (after  Neumann  oxidation). 
Cholesterol  found  in  I  gm.  of  dry  tissue  weighed 0.02162  gin.  In  making  this 
determination  one half  of  the  total  of  ether-soluble  material  was  used  for 
analysis.  The  lecithin  phosphorus  in  I  gin.  of  dry  tissue  weighed  o.0oi33  gm., 
which,  figured as lecithin, amounted  to 0.0343  gm.  The non-lecithin phosphorus 
in  this  fraction  weighed o.oooo66  gm. 
Water-soluble  Fraction.--In  I  gm.  of  dry  tissue  the nitrogen precipitated  by 
tannic  acid  weighed  o.oo476  gm.,  and  the  nitrogen  not  precipitated  by  tannic 
acid  weighed  o.0368o  gm.  The  total  nitrogen  in  the  water-soluble  fraction  of 
I  gin.  was,  therefore, o.o4156  gm.  The  phosphorus  in the water-soluble  fraction 
of  I  gm.  of  the  dry  tissue  weighed  o.oo691  gm.  and  the  purin  nitrogen  deter- 
mined in o.6  gm.  of  the total  water-soluble  extractives  amounted  to o.ooo72 gin. 
Insoluble  Tissue  Residue.--One gm.  of tissue  residue yielded o.oo3285  gm. of 
phosphorus,  and  I  gm.  of  dry  tissue  residue  (about  5  gm.  were  used)  yielded 
0.oo315  gm. of purin  nitrogen. 
Hausmann Fractions  of  Proteins in  Tissue  Residue.--The  figures  obtained 
from  1 gm.  of  dry tissue  residue  follow.  These  figures  are the  mean  of  dupli- 
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Amid  nitrogen  ..................  ~  0.01247  gm.  of  nitrogen. 
Humus  nitrogen  .................  ~  0.00767 gm-  of  nitrogen. 
Diamino  nitrogen  ...............  =  o.o4158  gin.  of  nitrogen. 
Monamino  nitrogen  ..............  =  o.io66o gin.  of  nitrogen. 
Total  nitrogen  ..................  =  o.I6832  gin.  of  nitrogen. 
Microscopical Findings in Spleen H  after Autolysis  for Six Days.--The auto- 
lysis  had  gone  even  a  step  farther  here  than  in  spleen  G,  so  that,  with  the 
exception  of  an  occasional  nucleus  here  and  there,  practically  none  could  be 
seen  even  in  the  trabeculm.  Otherwise the  section  resembled  that  of  spleen  G, 
the pulp  merely showing  shadows  of  cells with  no  definite  stained  nuclei.  The 
form  of the nuclei,  however,  was  apparently  still visible in  some cells. 
II.  EXPERIMENTS  IN  VIV0. 
Spleen I  after Autolysis for Two Days.  Chemical  Analysis.--A single spleen 
removed from a  dog two days after the pedicle had  been  completely tied off had 
a  moist  weight  of  121  gin.  and  a  moisture  content  (determinations  made  in 
duplicate)  of 83.84  per cent.,  making a  total  dry weight of  19.86 gm. 
Ether-soluble  Fraction.--The total  material  weighed 2.1629  gin.,  or  lO.88  per 
cent.  of  the  dry  weight.  Of  this  the part  insoluble  in absolute  alcohol weighed 
0.2442  gin.  and  contained  o.oo13  gin.  of  phosphorus  (after  Neumann  oxidation). 
The  cholesterol  found  in  I  gm.  of  dry  tissue  weighed  o.o2175  gin.  In  making 
this  determination  one  half  of  the  total  material 'soluble  in  ether  was  used  for 
analysis.  The  lecithin  phosphorus  found  in  I  gin.  of  the  dry  tissue  weighed 
o.00o066  gin.,  which,  figured  as  lecithin,  amounted  to  o.oo17  gin.  The  non- 
lecithin phosphorus  found  in this  fraction  weighed 0.000023  gin. 
Water-soluble Fraction.--In  one gin. of dry tissue the nitrogen precipitated  by 
tannic  acid  weighed 0.00o9  gin.,  and  the nitrogen  not precipitated  by  tannic  acid 
weighed  0.00649  gin.  The  total  quantity  of  nitrogen  in  the  water-soluble  frac- 
tion  of  I  gm.  was,  therefore,  0.00739  gm.  The  phosphorus  in  the  water-soluble 
fraction  of  I  gm.  of  dry  tissue  weighed  o.o0o85  gin.  An  uncertain  trace  of 
purin  was  found  in this  fraction,  three fifths of the total  extractives  being used 
for  analysis. 
Insoluble  Tissue  Residue.--One gin.  of  dry  tissue  residue  yielded 0.0070  gin. 
of  iron,  o.00785  gin.  of  sulphur,  and  0.o0153  gin.  of  phosphorus.  One  gin.  of 
dry tissue residue  (about 5 gin. samples  being used  for duplicate analyses,  which 
agreed well)  yielded 0.00o56  gin. of purin nitrogen. 
Hausmann  Fractions  of  Proteins  in  Tissue  Residue.--The  mean  figures 
obtained  from  duplicate  an.alyses  of  I  gin.  of dry  tissue  residue  are  as  follows: 
Amid  nitrogen  ..................  =  0.01197  gm.  of  nitrogen. 
Humus  nitrogen  .................  ~--- 0.00784  gm.  of  nitrogen. 
Diamino  nitrogen  ...............  =  0.03605  gm.  of  nitrogen. 
Monamino  nitrogen  ..............  =  0.10230  gin.  of  nitrogen. 
Total nitrogen  figured  ............  =  o.I5816 grin  of  nitrogen. 
Spleen I  after Autolysis for One Day.--The spleen  was  obtained  from  a  5o 
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was  soft  and  of  a  greenish  appearance,  but  its  consistence  was  such  that  it 
could  still be cut without  disintegration. 
On  microscopical  examination  the  trabeculae, from which all vestiges of nuclei 
had  disappeared,  could  still  be  differentiated  from  the  pulp,  but  the  staining 
qualities were  about  the  same  in both,  affinity for hematoxylin having been  lost. 
The  surface  of  the  capsule,  however,  was  invaded  superficially  by  leucocytes 
and  by  proliferating  connective  tissue  cells,  and  probably  by  endothelial  cells, 
while  in  the  deeper  part  of  the  capsule  these  were  absent,  only  shadow-like 
tissue forms being seen.  The splenic pulp  was one mass  of granular  debris  with 
here and  there  a  stray  leucocyte.  These  were  seen  especially  near  the  capsule. 
In appearance  the  pulp  resembled that  of spleen  G,  except that  the  form of the 
cells  seemed  to  be  better  preserved  and  were  seen  more  distinctly.  In  certain 
areas  in  the  pulp,  pigment-laden  cells  containing  yellowish  and  brownish  gran- 
ules were seen.  These were especially noticeable near the capsule. 
Spleen K after Autolysis for Ten Days.--A  dog weighing 24.8 kilos was used 
for  this  experiment,  the  spleen pediele  being  tied  off by  about  ten  double  liga- 
tures.  The  rectal  temperature  on  the  day  of  the  operation  and  during  the 
succeeding days ranged between lOl.9  ° F. and  lO4 ° F.  No ill effects were noticed 
except  those  consequent  to  the  ether  anesthesia.  On  the  tenth  day  the  animal 
was  chloroformed  and  the  post-mortem  examination  revealed  an  intensely 
congested  omentum  which  was  adherent  to  the  intestines  in  several  places,  and 
in the peritoneal cavky was  seen a  thick reddish  exudate.  The spleen was  found 
in an area of intense congestion and adhesions  in the left upper posterior part  of 
the peritoneal cavity.  It was encapsulated  by a  fibrous  tissue capsule which when 
opened  revealed a  central greenish  semi-liquid mass  weighing about 6.5  gin.  and 
having  a  moisture  content  of  8o.81  per  cent.  (average  of  duplicate  determina- 
tions).  The  left  kidney  appeared  slightly  congested  and  there  were  small 
petechi~e  on  the  left  diaphragmatic  wall.  No  chemical  analysis  of  this  small 
amount  of  material  was  attempted. 
Microscopical  examination  revealed  a  typical  necrotic  tissue  with  no  nuclei 
and  only  the  semblance  of  the  previously  existing  trabecul~e  and  splenic  pulp. 
No  marked  leucocytic  invasion  was  noted,  except  at  the  periphery  of  what  ap- 
peared  to  be  the  remnants  of  the  capsule,  where  a  few  leucocytes,  connective 
tissue,  and  endothelial  cells  were  found.  The  pulp  was  diffusely  granular  and 
in  places  were  seen  what  appeared  to  be  the  shadows  of  cells  with  here  and 
there  areas  that  contained  masses  of  large,  rod-shaped  organisms. 
Spleen L after ,4utolysis for Twenty Days.--As  in previous  experiments  the 
splenic  pedicle  was  doubly  ligated  in  a  dog  weighing  25.8  kilos,  and  the  daily 
rectal  temperature  in  this  animal  ranged  between  lol.2 °  and  lO3.8 °  F.  Post- 
mortem  examination  on  the  twentieth  day  revealed  a  reddish  and  congested 
omentum and, in the peritoneal cavity, a  small amount  of thick  reddish  exudate 
which  was  less  in  amount  than  that  seen  in  the  ten  day  experiment.  The 
spleen  remnant  was  found  with  omental  adhesions  in  a  mass  of  connective 
tissue.  Incision through  this  capsule  revealed a  small amount  of  faintly reddish 
creamy liquid, which  could not be  studied  chemically.  It had,  however,  a  mois- 
ture  content  of  82.72  per  cent.  (average  of  duplicate  analyses). 
Spleen M Autolyzed for Forty Days.--A  dog  weighing  25.9  kilos  was  used. 
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perature  (taken  at  intervals  during  the next  forty days),  ranged  between  Ira.3 ° 
and  Io5.8  °  F.  On the fortieth day the dog appeared  to be in perfect  health. 
After it had  been  chloroformed,  post-mortem  examination  revealed  no  exu- 
date in the peritoneal cavity, but there was still a  slight congestion of the omen- 
turn.  The  spleen  remnant  was  completely encapsulated  and  on  section  only the 
dense  capsule  with  a  small  reddish  center  was  found.  No  chemical  examina- 
tion  could  be  made  upon  this  material,  but  its  moisture  content  was  found  to 
be  82.53  per  cent.  (the  average  of  duplicate  determinations.) 
Upon  microscopical  examination  the  splenic  remnant  was  found  to  be  made 
up  of  typical  scar  tissue,  interspersed  with  small areas  containing pigment-laden 
cells.  The  connective  tissue  was  irregularly  arranged  and  was  composed  of 
spindle-shaped  cells.  In  some  places  the  cellular  elements  predominated,  in 
others  the  intercellular  material.  The  pigment-laden  cells  were  of  large size, 
contained  a  small  nucleus,  and  in  their  cytoplasm  was  seen  a  large  amount  of 
brownish  yellow  granular  pigment.  In  one  section  which  appeared  to  contain 
the  former capsule  of  the  spleen  there  was  a  more  regular  arrangement  of  the 
various  types  of  connective  tissue,  and  internal  to  this  were  found  a  large 
number  of large phagocytic pigment cells. 
The  results  of the foregoing analyses  are summarized  in tables II and  III. 
The results were as  follows: 
I.  There was a gradual but definite decrease in the total amount 
of  the  ether-soluble  materials.  The  amount  of  cholesterol  did 
not  change  to  an  appreciable  extent,  but  the  lecithin  and  phos- 
phorus contents decreased proportionately to the stage of autolysis. 
2.  There was a gradual but definite and proportionate increase in 
the total water-soluble nitrogen.  The main regular increase was in 
the fraction not precipitated by tannic acid  (polypeptids and amino 
acids).  In the purins which had been split out of the nucleins by 
autolytic  enzymes  the  increase  was  slight but  regular,  but  in  the 
fraction precipitated by tannic acid there was no appreciable change. 
3.  There was an increase in the water-soluble phosphorus which 
progressed with autolysis, the addition being no doubt partly from 
the phosphorus set free through autolysis, but mainly from disinte- 
gration of nucleins. 
4.  There was a  gradual but  regular decrease in the phosphorus 
contained  in  the  insoluble  tissue  residue.  This  was  due  to  the 
nuclear material going into solution.  The iron and sulphur content 
of this fraction did not reveal any consistent change during autolysis. 
5.  There was a gradual decrease in the purin nitrogen contained 
in the insoluble tissue residue (nuclein disintegration). 
6.  There was a  slight but gradual decrease in the total nitrogen < 
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TABLE III. 
Per Cent. of Total Nitrogen in Extracted Residue. 
Spleens. 
Normal.  In vitro 5 days.  In vitro 6 days.  In vivo 2 days. 
C  G  H  I 
Amid nitrogen  ..............  8.60  8.09  7.40  7.57 
Humus  nitrogen ............  5.76  4.x9  4.55  4.96 
Diamino nitrogen ...........  21.87  24.0  S  24.68  ~2.78 
Monamino nitrogen .........  63.71  63.65  63.37  64.65 
Total per  cent  ...........  99.94  99.98  IOO.OO  99.96 
contained  in  the  insoluble  tissue  residue  which,  divided  into  the 
Hausmann  fractions,  did  not  reveal  any  appreciable  difference in 
the nitrogen distribution in the protein of the tissue  residue before 
or after autolysis. 
Autolysis in Vivo.--The results were as follows : 
I.  There was a  decrease in the ether-soluble fraction, which was 
more marked than the decrease after autolysis in vitro.  In the phos- 
phatid phosphorus there was a  great decrease which was  not asso- 
ciated with an increase in the water-soluble phosphorus, presumably 
because  of diffusion of the  soluble  products  of autolysis.  As  far 
as could be ascertained there was, however, no appreciable change in 
the  cholesterol  determinations.  This  was  discussed  in  an  earlier 
paper on cholesterol determinations  (26). 
2.  In the total  water-soluble  nitrogen there  was  no  appreciable 
increase, but there was a  doubling of the nitrogen not precipitated 
by tannic acid, a decrease in the nitrogen precipitated by tannic acid, 
and an absence of purin nitrogen. 
3.  In the water-soluble phosphorus there was a  marked decrease 
due to diffusion. 
4-  The  phosphorus  contained  in  the  insoluble  tissue  residue de- 
creased,  but  the  iron  and  sulphur  content  of  this  fraction  were 
normal, behaving as they did after autolysis in vitro. 
5.  A  much  greater  decrease  was  noted  in  the  insoluble  purin 
nitrogen. 
6.  In  the  total  nitrogen  or  in  the  Hausmann  fractions  of  the 
insoluble  tissue  residue  after  autolysis,  there  was  no  appreciable 
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SIGNIFICANCE  OF  CHEMICAL  CHANGES  OCCURRING  IN  AUTOLYSIS, 
WITH  SPECIAL  REFERENCE  TO  THE  HISTOLOGICAL 
CHANGES  OCCURRING  COINCIDENTALLY. 
In  drawing  conclusions  from  microscopical  examinations  of  a 
tissue we can, at most, notice only the superficial changes, and the 
main ones occur in the nucleus.  With the aid of modern chemistry 
we  are,  however,  enabled  to  investigate  the  cell  further  and  to 
associate what we see histologically with what  actually happens to 
some, at least, of the chemical components of tissues.  As methods 
of biochemical analysis are still  far from perfect, we must be satis- 
fied with  a  study of such simple  components as  can be accurately 
estimated  chemically. 
When the pathologist finds microscopical changes in a  tissue,  he 
associates  these with  what  he  has  previously seen, but  he  has  no 
knowledge as to how much of the actual tissue constituents has been 
removed in the process, whether all are still present but in a changed 
form, or whether the greater part has been removed, leaving only 
the mere framework or skeleton; in other words, he has  no means 
of knowing what percentage of the protein,  nucleoprotein, lecithin, 
etc.,  of the original  tissue  still  exists  as  such when certain micro- 
scopical  changes are observable. 
A  few  of  these  questions  are  answered  by  the  results  of  this 
investigation, and will be taken up here by considering the changes 
in the  chemical constituents  which  are  associated  with  the  micro- 
scopically visible pathological changes. 
In the normal spleen the nucleins are practically all in forms which 
are insoluble, coagulable, or precipitable.  In autolysis in vitro they 
remain thus in the first stages, even when a high grade of pyknosis 
is  visible  microscopically.  When karyorrhexis and  karyolysis are 
first seen,  a  small percentage  (about  Io per cent.)  of the nuclein 
nitrogen has become soluble  in the  form of purin bases,  but  when 
karyolysis is  completed so  that  no  nuclei  remain that  stain,  only 
about  28  per  cent.  of  the  nuclein  nitrogen  is  soluble  (purin 
bases).  At this  point  an approximate  equilibrium has  apparently 
been reached, and after this as autolysis progresses there is  only a 
slew increase in the soluble nuclein nitrogen.  Here we find an un- 
expected fact, that when all visible nuclear structures are lost, three Harry  J.  Corper.  445 
fourths of  the  nucleins  are  still  demonstrable.  Although nuclein 
disintegration goes at  first hand in hand with karyolysis, it  is  not 
completed with the completion of karyolysis. 
In  vivo,  however,  the  conditions are  different, and the nuclein 
nitrogen may be  reduced to  a  very  small percentage by  the time 
karyolysis is complete, the nuclein nitrogen being removed almost as 
fast as  it  is liberated.  In autolysis in vivo  diffusion into the sur- 
rounding body  fluids  probably  takes  place,  this  apparently  being 
shown by the fact that no soluble purin nitrogen was  found in the 
analysis of the spleen autolyzed in vivo. 
In the normal spleen about 24 per cent. of the total phosphorus 
exists in the form of phosphatids.  After autolysis in vitro  only a 
slight decrease  in the phosphatid content has  occurred even when 
pyknosis is  marked.  However, when karyorrhexis and karyolysis 
are conspicuous features of the 'tissue changes, the phosphatid phos- 
phorus has decreased to about 2o per cent. of the total phosphorus, 
and  at  the  completion  of  karyolysis  the  phosphatid  phosphorus 
amounts to about  I6 per cent.  of the total.  Finally, when nuclear 
destruction is  histologically  complete,  the  phosphatid  phosphorus 
has  decreased to about  I3.6  per cent.  of the total  phosphorus, or 
about one half to two thirds the amount contained in  the normal 
spleen. 
In vivo  when histological changes in  the  spleen had  practically 
come to an end the phosphatid phosphorus had decreased to about 
4  per  cent.  of  the  total  phosphorus  still  present,  and  this  per- 
centage would have been  far lower if  it had been calculated with 
reference to  the total phosphorus originally present in the normal 
spleen. 
In the normal spleen about 4o per cent. of the total phosphorus 
exists in the coagulable and precipitable (insoluble) tissue materials 
(nucleins, proteins, and organic phosphorus compounds) other than 
the phosphatids, which were  discussed above.  After autolysis in 
vitro when pykn~sis is prominent there is practically no decrease in 
this percentage, but with the appearance of karyorrhexis and kary- 
olysis there is a  drop to 31.4 per cent. of the total phosphorus, and 
at the termination of the lyric process the phosphorus content has 
fallen to 22 per cent. of the total, and decreases to about 19 per cent. 
when the nuclear destruction is microscopically complete. 446  Changes in  the  Spleen  during  Necrosis. 
In the normal spleen only about 5-7 per cent. of the total nitrogen 
is  in the  water-soluble fraction  (in the  form  of ammonium com- 
pounds,  amino  acids,  peptones,  purin  bases,  gelatin,  etc.),  while 
about 94.3  per cent. of the nitrogen is in an insoluble, coagulable, 
or precipitable  form  (proteins,  nucleoproteins, and other insoluble 
organic  nitrogen  combinations).  After  autolysis  in  vitro  when 
pyknosis is prominent some of the nitrogen has been changed to the 
soluble form, so that 7.4 per cent. is  soluble.  When karyorrhexis 
and karyolysis are conspicuous the water-soluble nitrogen has mark- 
edly increased, so that 26. 5 per cent. of the total nitrogen is in this 
form.  The increase, however, is  due mainly to amino acids, pep- 
tones,  and simple nitrogen derivatives, as the part  precipitated by 
tannic  acid  shows  practically  no  increase.  When  karyolysis  is 
nearly complete, the soluble nitrogen has increased to 28.6 per cent. 
of the  total  nitrogen,  and  after  the  microscopical  tissue  changes 
have  practically  ceased  the  soluble  nitrogen  amounts  to  3o.3  per 
cent.,  leaving  about  69.7  per  cent.  of  the  total  nitrogen  in  the 
insoluble form (precipitable and coagulable by alcohol).  However, 
with autolysis in  vivo  diffusion tends to keep the soluble nitrogen 
down to about  the normal percentage, so that when microscopical 
tissue  disintegration  is  practically at  an  end  there  is  but  5.7  per 
cent. of the total  nitrogen in the soluble  form,  this  amount being 
identical with that in the normal spleen. 
SUMMARY. 
The most marked chemical changes in a disintegrating spleen are 
noticed during the period when karyorrhexis and karyolysis are the 
characteristic features.  When pyknosis alone is prominent almost 
all of the several constituents are in the coagulable or precipitable 
fraction, just as they are in the original normal tissue.  After kary- 
olysis  is  practically  complete  the coagulable  and  precipitablc  ele- 
ments of the tissue still gradually decrease in amount, but the rate 
is  far  below  ~hat  occurring  during  karyorrhexis  and  karyolysis. 
Moreover, even when microscopical nuclear disintegration is  prac- 
tically  at  an  end,  the  chemical  process  of  disintegration  is  still 
going on,  but  very slowly.  :Finally,  when nuclear structures  can 
no longer be seen in the  spleen, about  72  per cent.  of the nuclein Harry J.  Corper.  447 
nitrogen, about  5  °  per cent.  of the original insoluble phosphorus, 
and 7  °  per cent.  of the original insoluble nitrogen, are still in the 
insoluble form (precipitable and coagulable by alcohol), while about 
two thirds of the phosphatid phosphorus remains in complex organic 
combinations. 
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EXPLANATION  OF  PLATES. 
PLATE 62. 
FIGS.  I  and 2.  Dog spleen after autolysis for  seventeen hours.  Microscopic- 
ally pyknosis is prominent and there  is some nuclear fragmentation.  Practically 
all  the  nuclein nitrogen  (about  2.6  per  cent.  of  the  total  nitrogen)  is  still  in 
the  insoluble and  coagulable  form,  with  possibly a  trace  that  is  soluble.  The 
phosphorus  in the  form of phosphatids  has,  however,  suffered  a  slight  decrease 
in amount, being now about 23.6 per  cent. of  the total phosphorus.  The  water- 
soluble phosphorus  has  increased slightly  (part  of  this  being derived  from  the 448  Changes in  the  Spleen  during  Necrosis. 
phosphatld  fraction)  and  is  now 34 per  cent.  of  the  total.  The insoluble  phos- 
phorus  remains  about  the  same,  40.8 per  cent.  of  the  total.  The  water-soluble 
nitrogen  has  increased  slightly over normal,  being 7.4  per  cent.  of  the total  (a 
difference of L7 per cent.,  while the insoluble nitrogen has suffered a correspond- 
ing decrease,  being now  92.6 per  cent.  of the  total  nitrogen,  a  difference of  L7 
per cent. 
PLATE 63- 
FIGS. 3  and  4-  Dog spleen  after  autolysis  for thirty  hours.  Microscopically 
karyorrhexis  and  karyolysis  are  conspicuous,  especially in  the pulp,  and  9.7  per 
cent.  of  the  nuclein  nitrogen  has  become  soluble,  that  is,  o.3  per  cent.  of  the 
total  nitrogen  is  in  the  form  of  soluble  purin  nitrogen,  while  9o.3 per  cent. 
of  the  purin  nitrogen, or  2.7  per  cent.  of  the  total,  is  still  insoluble.  The 
phosphorus  in  the  phosphafid  form  has  suffered  a  still  further  decrease,  now 
amounting  to  20.2 per  cent.  of  the  total  phosphorus,  this  being  a  decrease  of 
about  4  per  cent.  from  the  normal  total  phosphorus  content.  The  increase  in 
the  water-soluble  phosphorus  has  been  more  marked,  the  soluble  phosphorus 
now constituting 47.8 per cent.  Of the  total.  In  the  normal  spleen 32  per  cent. 
of the total phosphorus  was  soluble.  The increase is due to additions  from the 
phosphatid  and  nuclein  phosphorus.  The  decrease  in  the  insoluble  phosphorus 
was  also  more  marked,  the  percentage  dropping  to  31.4 per  cent.  of  the  total 
phosphorus,  the  normal  being  4o.~ per  cent.  The  water-soluble  nitrogen  was 
likewise markedly  increased,  being 26.5 per  cent.  of the  total,  the  normal  being 
5.7  per  cent.,  the  increase  in  the  soluble  nitrogen  being  due  mainly  to  the 
amino  acids,  peptones,  and  simpler  nitrogen  derivatives;  while  the  insoluble 
nitrogen  suffered  a  corresponding  decrease,  being  73.5 per  cent.  of  the  total 
nitrogen,  the  normal  being 94-3 per  cent. 
PLATE 64  . 
FIGS.  5  and  6.  Dog spleen  after  autolysis  for  fifty-three hours.  Karyolysis 
has  neared  completion, only  shadows  of  basophillc  nuclear  material  being  left. 
Of  the  nuclein  nitrogen  27.4 per  cent.  has  become soluble,  while  72.6 per  cent. 
is  still  insoluble.  The  phosphorus  in  the  phosphatid  form  has  decreased  still 
further in  amount,  being now only I6 per  cent.  of the total phosphorus.  Partly 
as  a  result of this and partly because  of the addition of nuclein phosphorus,  the 
water-soluble phosphorus  increase  is  again  evident, now amounting  to  57.7 per 
cent.  of  the  total  phosphorus.  The  insoluble  phosphorus  has  decreased  to  22 
per  cent.  of  the ,total  phosphorus.  The  water-soluble  nitrogen  has  increased 
but  slightly  since  the  first  thirty  hours  of  autolysis,  and  is  now  28.6 per  cent. 
of  the  total.  The  insoluble  nitrogen  has  likewise  decreased  at  a  slower  rate, 
being  now  7I.  4  per  cent.  of  the  total  nitrogen.  Apparently  a  point  of  slow 
change has now been  reached. 
PLATE 65. 
FIGS. 7 an.d 8.  Dog spleen after autolysis for six days  (I44 hours).  Nuclear 
destruction  is  now  complete  as  far  as  histological  changes  are  concerned,  and 
the  other  tissue  changes  have  practically  reached  a  standstill.  Of  the  nuclein 
nitrogen 28 per cent.  has  become soluble,  while 72  per  cent.  is still insoluble in THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XV.  PLATE  62. 
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spite of the loss of all visible nuclear structures.  The phosphorus  in the  phos- 
phatid  form has  decreased  to  about half the normal  amount,  leaving only about 
13.6 per  cent.  of  the  total  phosphorus  in  this  form.  The  water-soluble  phos- 
phorus  has  increased,  now  being 67  per  cent.  of  the  total,  or practically double 
the  amount  in  the  normal  spleen.  The  insoluble phosphorus  has  decreased  to 
18.8 per cent.  of the total phosphorus,  this percentage being about half the normal 
content,  which indicates that the phosphatid  phosphorus  is  set  free more rapidly 
than  the nuclein phosphorus,  only a  slight increase in the water-soluble nitrogen 
having  been  noted  after  autolysis  for  fifty-three  hours.  The  water-soluble 
nitrogen is now 30.3 per cent.  of the total nitrogen,  which is  a  fivefold increase 
over the  normal.  The  insoluble nitrogen  has  slowly decreased,  now being  69.7 
per cent. of the total nitrogen, a  decrease  from the normal of about  30 per cent. 
The microscopical examination of another dog spleen that had been autolyzed 
in vivo  for two days  resembled very closely spleen H  (figures 7 and 8).  Chem- 
ically,  however, there  were  characteristic  differences.  Soluble  nuclein  nitrogen 
was absent and there was only 0.3  per cent.  of nuclein nitrogen in the insoluble 
form.  The  phosphorus  in  the  phosphatid  form  had  decreased  markedly  in 
amount,  only  about  4  per  cent.  of  the  total  phosphorus  being  left,  and  this 
total  had  markedly  decreased.  The  water-soluble  phosphorus  was  about  the 
same,  or  a  little more  than  normally,  being  38.86 per  cent.  of  the  total  phos- 
phorus  still present,  but  compared  with  the  normal  spleen  content  the  water- 
soluble phosphorus  had actually decreased one fourth in amount.  The insoluble 
phosphorus  constituted  a  greater  percentage  than  normally  of  the  total  phos- 
phorus  still  present,  being  .54  per  cent.,  although  it  had  actually  decreased  to 
about one third or one fourth of the amount present in the normal spleen.  The 
percentage  of the  water-soluble nitrogen  was  about  normal,  being 5.7  per  cent. 
The  percentage  was  low  because  the  soluble  nitrogen  was  removed  as  rapidly 
as  it was  formed.  Of the  entire nitrogen  of this  spleen 94.3 per cent.  was  still 
insoluble. 
The  rate  of  autol)sis  in  vivo  was  thus  shown  to  be  much  more  rapid  than 
that  in  vitro  at  room  temperature,  but  the  diffusion  of  the  soluble products  of 
autolysis  prevented  their  accumulation  in  the  necrotic  spleen  tissue  in  vlvo. 
Moreover, the disintegration of nucleins was much more extensive in the autoly- 
sis in vivo than in that in vitro, about six sevenths of the nuclein nitrogen having 
disappeared. 